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(54) Dynamic random access memory (DRAM) having variable configuration for data processing 
system and corresponding expansion support for the interleaved-block configuration 
thereof 

(57) Dynamic random access memory (DRAM) with 
variable configuration depending on the number and 
capacity of standard memory modules, of DIMM type 
(1) plugged into a first plurality of slots (13, 14, 15, 16) ^ 
of a memory motherboard (61) comprising a control unit 
(5), into which it is possible to plug, into the f irst plurality 
of slots (13, 14, 15, 16), in substitution for the memory 
modules (1), expansion supports (62) (Memory Riser), 
in turn provided with 

- a second plurality of slots (39, 40, 41 , 42, 43, 44) for 
the insertion of standard memory modules of DIMM 
type(1). 

and of column address latch registers (45. 50) each 
associated with a slot of the second plurality and 
thereby to support and allow the conf igurability and 
operability of interleaved-block memory, and 
access cycles, with partial time overlap, without 
renouncing the use of commercially available DIMM 
memory modules and without burdening the basic 
memory configuration with all the overheads 
required to support the interleaved-block configura- 
tion. 
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Description 

The present invention relates to a dynamic random 
access memory (DRAM) for data processing system. 
The memory can have a variable configuration depend- 
ing on user requirements, and a capacity which is 
expandable through non-interleaved memory modules 
or through interleaved memory blocks, possibly spread 
over several expansion supports, ft also relates to the 
corresponding expansion support or Memory Riser with 
which the interleaved memory blocks are made, possi- 
bly spread over several supports. 

It is known that in order to meet the various require- 
ments of use of data processing systems, the latter are 
provided with a random access work memory, of 
dynamic type (DRAM), whose capacity can be 
expanded. 

A broad example consists of the PCs in which on a 
motherboard, on which the microprocessor and a mem- 
ory control unit are installed, is also installed a plurality 
of connection slots into each of which can be inserted a 
memory module, of the type commercially available with 
the acronyms SIMM (Single In Line Memory Module) 
and DIMM (Dual In Line Memory Module). 

These memory modules are essentially small 
printed circuit boards which, on an edge connector, 
bear connection terminals and on which board are 
mounted as many integrated memory components as 
are necessary to allow the desired memory parallelism. 

These modules have in fact become, from the com- 
mercial and technological point of view, a standard and 
with advances in technology have made available mod- 
ules with ever-growing capacity, at a factor 2 N relative to 
a base capacity. 

Thus by installing one or more modules in the vari- 
ous available slots (an operation which with the due pre- 
cautions can even be earned out by the user) it is 
possible to provide a memory whose capacity can be 
expanded, as a function of the various user require- 
ments, without burdening the basic product with the 
cost of a memory having the maximum capacity allowed 
by the system. 

In more advanced systems, memory modules of a 
certain type can also be substituted by others having a 
greater capacity, double or quadruple that originally 
installed. 

Thus the connection interface, at slot level, has 
been defined to allow this possibility and contains a 
number of address terminals which is suitable for the 
maximum envisagable (even in view of further techno- 
logical developments) capacity of the modules. 

The interlace also provides a suitable number of 
identification terminals for the transfer, from the module 
to the system, of signals which make it possible to rec- 
ognize the type of module and its capacity and hence to 
configure, by means of configuration logic of the mem- 
ory control unit, the working memory, in such a way as 
to address the whole of the available memory space 



and select in rotation, through read and/or write opera- 
tions, one of the modules which make up the memory. 

The SIMM or DIMM modules (the latter differ from 
the former through their greater memory capacity, 

5 obtained by installing components on both faces of a 
printed circuit support) therefore make up the memory 
units installable in the system. 

In high-performance data processing systems, gen- 
erally consisting of a plurality of processors, varying in 

w number depending on requirements, which have access 
to a shared working memory, it is not sufficient to 
employ a working memory of large capacity: it is also 
necessary for several read and/or write operations to be 
carried out in the working memory with at least partial 

is time overlap, so as to increase the memory throughput. 
This is achieved by constructing the memory as a 
plurality of banks or blocks which can be controlled and 
addressed independently and amongst which the mem- 
ory space is divided up according to well known con- 

20 cepts of "interleaving". 

A memory bank or block is therefore defined as the 
minimum memory unit which can be interleaved. 

Configuration logic, which depending on the mem- 
ory address identifies the block to be used for the 

25 read/write operation, is not sufficient to allow memory 
interleaving: control logic which supplies the necessary 
timed commands and a latch register which retains the 
memory address, intended for the block, for the whole of 
the required time, must also be provided for each block. 

30 Two partitioning approaches are possible in order to 
produce a memory architecture with interleaved blocks: 
according to a first approach a motherboard which con- 
tains the memory control unit, interfaced with a system 
bus, also contains all of the control and timing logic and 

35 the registers required to drive a maximum number, 
envisaged by design, of memory blocks. 

The memory blocks can consist of one or more 
memory modules of standard type, for example SIMM 
or DIMM, mounted on the motherboard via connectors. 

40 With this approach the basic structure of the sys- 
tem is burdened by significant costs for the logic 
required to manage the maximum memory configura- 
tion even when the configuration actually required by 
the user is smaller on account of memory capacity and 

45 level of interleaving required. 

With a second approach the various blocks consist 
of printed circuit daughterboards on which are mounted, 
in addition to the memory components (possibly varying 
in number in order to produce various capacities) also 

so the necessary management and timing logic for the 
block as a component of an interleaved memory struc- 
ture. 

The daughterboards are then each inserted, in var- 
ying number depending on the requirements, into van- 
55 ous slots of the motherboard. 

Upon the control unit on the motherboard devolves 
the sole task, by means of the memory configuration 
logic and depending on the memory address, of select- 
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ing, from among the various blocks present in memory, 
that upon which the read/write operation devolves. 

With this approach the basic structure of the sys- 
tem is not burdened by the costs of the logic necessary 
to manage the maximum configuration, but, even when 
an interleaved memory structure is not required, K is still 
necessary to employ a memory block, and it is not pos- 
sible to use instead a standard memory module of 
SIMM or DIMM type which is more readily obtainable on 
the market and less expensive. 

A further limitation of this approach is that the level 
of interleaving is closely dependent on the number of 
blocks installed and hence, to some extent, also on the 
capacity installed. 

A problem common to expandable DRAM memo- 
ries, be they structured as interleaved blocks or as sim- 
ple modules, therefore consists in the fact that many 
signals, and in particular the address signals, have to be 
sent to a widely varying number of loads. 

It is therefore necessary to provide, in order to pre- 
vent degradation of the signal edges and erroneous rec- 
ognitions thereof, in particular if the memory operation 
is timed by clock signals of high frequency of the order 
of 100-150 MHz. as is now current practice, drive buff- 
ers, according to a tree structure if arranged at several 
levels. 

These buffers, although on the one hand preventing 
the degradation of the signal edges, on the other hand 
introduce propagation delays which have to be taken 
into account in the mutual timing of the signals and how- 
ever allocated, on the motherboard or in the memory 
blocks, they indiscriminately increase the memory 
access time irrespective of the memory configuration 
actually present: " 

Thus, the worst timing case should be considered. 

These limitations and drawbacks are eliminated 
from the dynamic random access memory which is the 
subject of the present invention which provides for the 
use of memory modules of DIMM type inserted directly 
into slots in a motherboard, varying in number, to obtain 
a memory configuration with varying capacity depend- 
ing on the number and type of modules installed, and 
also the alternative or combined use of printed circuit 
expansion supports which, these too, are inserted into 
the same slots in the motherboard, envisaged for the 
DIMM modules, and which in turn are provided with 
slots for the insertion of a number of DIMM modules var- 
ying from one to a maximum, preferably of six. 

The expansion supports are also provided with 
buffers for address signals and with a plurality of latch 
registers for retaining (column) addresses however 
many DIMM modules can be installed in the support 

Via the slots in the motherboard, the memory con- 
trol unit sends, to the various expansion supports, pairs 
of timing and selection signals RAS, CAS, selectively 
directed to one of the expansion supports and, within 
the compass of the SLpport, to one of the various DIMM 
modules installed therein, ft also sends a read/write 



(WE) command and a column address latch command 
(ALE), which are selectively directed to one of the varir 
ous DIMM modules installed in the supports. 

The selective generation of the various signals is 
5 determined by a memory configuration logic known per 
se. 

In this way the memory capacity can be expanded 
through the use of several non-interleaved DIMM mod- 
ules connected directly to the slots of the motherboard, 

to as well as by the use of one or more expansion supports 
which allow the structuring of the memory as inter- 
leaved blocks. 

The use of a single expansion support is sufficient 
for structuring as interleaved blocks. 

is The joint use of several expansion supports makes 
it possible to obtain interleaved blocks of greater capac- 
ity, dispersed among various supports, and still 
obtained through the use of DIMM memory modules of 
standard type. 

20 In this way an extremely versatile memory structure 
is obtained, which can be expanded with a very fine 
granularity, imposed by the minimum commercially 
available capacity of DIMM modules up to extremely 
high capacities, of the order of G bytes, achieved 

25 through the use of expansion supports and DIMM mod- 
ules with the maximum commercially available capacity. 

All of this is obtained without burdening the basic 
structure with all the costs associated with the support- 
ing logic circuits which allow memory operation in inter- 

30 leaved mode. The configuration logic is thus not to be 
regarded as support logic dedicated exclusively to the 
interleaved structure and the timing logic is itself also 
essential, to some extent, even for operation in non- 
interleaved mode. 

35 According to a further aspect of the present inven- 
tion, the expansion supports are provided with a termi- 
nal for sending to the memory control unit (via the 
connection slot) a signal indicative of expansion support 
present. 

40 Depending on this signal the memory control unit 
may be able to optimize the memory access timing, 
depending on the presence or otherwise of the expan- 
sion support or supports so as to obtain, in every case, 
the maximum performance and also automatically to 

45 determine whether the memory can or cannot be con- 
figured as interleaved blocks. In addition to these func- 
tions it also has that of defining the meaning of certain 
signals generated by the memory modules, which is dif- 
ferent in the case of non-interleaved and interleaved 

so memory. 

According to a further aspect of the present inven- 
tion the data input/output channels for the various mem- 
ory modules may also be provided with drive buffers, of 
the three-state type or the like, mounted on expansion 

55 supports. With this arrangement it is possible to control 
the data flow over the data channel much more accu- 
rately from the time viewpoint and to achieve greater 
overlap of the memory cycles of the various blocks 
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operating in interleaved mode, thereby achieving a 
higher overall throughput and performance. 

The features and advantages of the present inven- 
tion will emerge more clearly from the description which 
follows of a preferred embodiment given by way of non- s 
limiting example with reference to the appended draw- 
ings in which: 

Figure 1 represents a perspective view of a DIMM 
(or SIMM) memory module known per se, w 
Figure 2 represents a time chart depicting the oper- 
ation of a memory module such as that of Figure 1 , 
Figure 3 represents a block diagram of a preferred 
embodiment of a DRAM memory with expandable 
capacity, configurable as interleaved blocks, in 75 
accordance with the present invention, 
Figure 4 represents a block diagram of a preferred 
embodiment of an expansion support for the mem- 
ory of Figure 3 and its configurability through inter- 
leaved blocks, 20 
Figure 5 represents a time chart depicting the oper- 
ation of the memory of Figure 3, configured through 
interleaved blocks, 

Figure 6 represents a block diagram of a variant 
embodiment of the expansion support of Figure 4. 25 

For a better understanding of the invention, Figure 
1 represents a perspective diagrammatic view of a 
dynamic random access memory (DRAM) of DIMM 
type, commercially available. 30 

The module consists of a printed circuit support 1 , 
provided with an edge 2, for insertion into a connection 
slot. 

Electrical terminals 3, numbering 64 per face, are 
formed on both faces of the support, along the edge. 35 

Mounted on the printed circuit support is a plurality 
of memory components 4 which overall determine the 
capacity of the module and the memory parallelism. 

Depending on the manufacturing technology, mod- 
ules are available on the market today with a capacity of 40 
1 , 2, 4, 8, 16 Mega entries of 72 bits each (including 64 
datab'rts and 8 parity code bits or EDAC error detection 
and correction code bits). 

The capacity expressed in data bytes is therefore 8, 
16, 32, 64 and 128 Megabytes respectively. 45 

For control and addressing of these modules, the 
electrical interconnection terminals of the modules com- 
prise 14 address terminals A(0-13) (on which the 
address code, which overall requires from 22 to 24 bits, 
is transferred in two stages, as row address first fol- so 
lowed by column address), an RAS terminal for receiv- 
ing a row address validation command, a CAS terminal 
for receiving a column address validation command, a 
terminal WE for receiving a signal which, when true or 
asserted, characterizes the access operation as a write 55 
operation, 72 data terminals D1/0 (0-71), 10 terminals 
PD(MO) for sending a code which makes it possible to 
identify the type and capacity of the module, and a suit- 



able number of terminals VDD and VSS for powering 
the module via connection to a voltage VDD (typically + 
3.3V) and to earth (VSS). 

The remaining terminals can be used for various 
functions. For example, in some DIMM modules one ter- 
minal (or two) denoted OE has the function of output- 
enabling the module with a timing which differs from that 
set intrinsically by the signals WE, RAS and CAS. 

No module selection signal is provided at the input 
to the module: this function is fulfilled intrinsically by the 
assigning of the signals RAS, CAS. 

Figure 2 represents by way of example, as a timing 
chart, the read operation for a DIMM memory module, 
referred to a periodic clock signal CLK, which again by 
way of example has a period of 10 ns. 

Typically a DIMM module can operate in memory 
cycles with a duration of the order of 120 ns, with com- 
mand signals RAS asserted (at electrical level 0) for a 
minimum duration of 70 ns and deasserted (precharge 
time) for a minimum duration of 50 ns. 

A row address RADDR is input to the module at the 
instant tO on the address channel ADDR, and the com- 
mand RAS is asserted at the instant t1 . 

At the instant t2 the row address can be removed 
from the ADDR channel and substituted, within a time 
limit defined by the instant t5, by a column address 
CADDR. 

In the case of a write operation (WE asserted in the 
memory cycle), the input datum DIN must also be 
placed on the data channel DAT. 

The command CAS is asserted at the instant t6. 
The column address CADDR and any input datum can 
be removed from the respective channels ADDR, DAT 
at the instant t7. 

At the instant t8 the signal RAS is deasserted and, 
if the memory access operation is a read, the module 
outputs the read data item DOUT on the data channel 
DAT. 

At the instant t12 the command CAS is deasserted 
and the data outputs (of three-state type) of the module 
are closed (i.e. placed at high impedance). 

Another memory cycle can begin at the instant t12. 

After this preamble it is possible to consider Figure 
3 which represents in diagrammatic block form a pre- 
ferred embodiment of a dynamic memory architecture 
having a capacity which can be expanded through non- 
interleaved modules or through interleaved blocks, in 
accordance with the present invention. : 

Figure 3 essentially represents a portion of main 
board or motherboard 61 of a data processing system 
(also known as a back panel or system planar) on which 
is mounted a memory control unit 5 or MCU, which 
interfaces with a system bus 6 in order to receive mem- 
ory addresses BADDR a read write command R/W, any 
data to be written B DAT, if the operation to be executed 
is a write and to place the read data BDAT on the sys- 
tem bus, if the commanded operation is a read. 

The memory control unit also receives a periodic 
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clock signal CLK. for example with a period of 10 ns, 
from a timing unit (not shown). The memory control unit 
5 is provided with an address latch register 7 (AREG), 
with a pair of input data latch registers 8, 81 (IREG1, 
I REGS) arranged in cascade with the interposition of s 
logic 82 (EDAC.G) for generating an error detection and 
correction code (or alternatively a parity code) and with 
a pair of output data latch registers 9, 91 (OREG1, 
OREG2) arranged in cascade with the interposition of 
logic 92 (EDAC) for error detection and correction (or 10 
even for error detection alone). 

The memory control unit also comprises an 
address multiplexer 10, memory configuration logic 
RAM CONFIG 11 and command sequence and timing 
logic 12 (COMM.SEQ.). ™ 

By suitable procedures known per se, including 
those for automatic initialization, the system is able to 
identify the memory capacity installed in the system, 
possibly availing itself of signals generated by the vari- 
ous memory modules (and available at the terminals PD 20 
of the modules). 

This information supplied to the logic 1 1 makes it 
possible to configure the memory. 

On the basis of the configuration thus defined the 
configuration logic 11. timed by the clock signal CLK, 2s 
instructs the multiplexer 10 to output in successive 
stages, first a row address, comprising a certain number 
of address bits stored in the register 7, followed by a col- 
umn address, comprising other address bits also stored 
in the register 7 and further address bits generated by so 
the configuration logic 11, depending on the memory 
configuration defined and on the address present in the 
register 7. 

The configuration logic also outputs a plurality of 
selection signals SELXX, one at a time, which select the ss 
various memory modules in which to execute the 
read/write operation. 

All these aspects are known and lie outside the 
scope of the invention. 

Patent application EP-A-0629952 provides for 40 
example a detailed description of a memory control unit 
with configuration logic which allows optimal configura- 
tion of the interleaving level, depending on the number 
and capacity (even where different from module to mod- 
ule) of the modules installed. 

The module selection signals SELXX, generated by 
the configuration logic, are not applied directly to the 
various modules but in turn activate the command tim- 
ing logic 12 or command sequencer (consisting essen- 
tially of N state machines where N is the maximum level 
of interleaving) for the generation of the timed com- 
mands for activating the various modules RAS, CAS. 
WE. 

The memory control unit 5 interfaces with a plurality 
of DIMM module connection slots 13, 14, 15. 16, prefer- 
ably but not necessarily four in number, via a plurality of 
wires: 

An address output channel ADDR 17 (with 14 



wires) connects the outputs of the multiplexer 10 to the 
terminals of the slots 1 3. 1 4. 1 5, 1 6 which connect to the 
terminals of the DIMM modules provided for receiving a 
row and column address bit. 

A channel 18 with N wires (in the example N=6) 
connects N outputs from the command sequencer 12 to 
N terminals of the slot 13 alone, in order to apply signals 
RAS.A(0...5) to the slot N. 

In particular the signal RAS. AO is applied to the slot 
terminal which is connected to the terminal of a DIMM 
module provided for receiving the row address valida- 
tion command RAS. whilst the signals RAS.A(1...5) are 
applied to slot terminals which are connected to unused 
terminals by a DIMM module plugged into the slot 

In the same way a channel 19 with N wires (in the 
example N=6) connects N outputs of the command 
sequencer 12 to N terminals of the slot 13 alone so as 
to apply signals CAS.A(0...5) to the slot N. 

In this case also the signal CAS. AO is applied to the 
slot terminal which is connected to the terminal of a 
DIMM module provided for receiving the row address 
validation command CAS, whilst the signals 
CAS.A(1...5) are applied to slot terminals which are 
connected to unused terminals by a DIMM module 
plugged into the slot. 

Entirely similar is the connection of the pairs of 
channels, with six wires each, 20, 21 , 22 and 23. 24 and 
25, respectively to the slots 14, 15, 16 for transferring 
signals RAS.B(0...5) CAS.B(0...5), RAS.C(0...5), 
RAS.D(0...5). CAS.D(0...5) to the slots. 

Again at the output of the command sequencer 12 
a channel 26 with N wires is connected to N terminals of 
all the slots 13. 14, 15. 16 for transferring write com- 
mands WE(0-5). - 

The command WE0 is applied to a terminal of the 
various slots which is connected to a DIMM module ter- 
minal intended to receive the write signal WE. The other 
commands WE(1-5) are applied to slot terminals which 
are connected to unused terminals of a DIMM module. 

Neglecting the obvious connection of predeter- 
mined terminals of the slots 13, 14, 15, 16 to a voltage 
source Vcc, to a reference or earth voltage Vss. it will be 
noted that four channels with 10 wires 27, 28, 29. 30 
each connect 10 slot terminals. 13. 14. 15. 16 respec- 
45 tively. intended for connection to the DIMM module ter- 
minals on which a module identification code PD is 
present, to the memory control unit 5 in order to transfer 
thereto the codes PDA(1-10), PDB(MO), PDC(1-10), 
PDD(V10) respectively for identifying the various mod- 
so ules which may be installed in the various slots. In prac- 
tice, in the case of DIMM modules installed directly into 
•the slots, only bits 1-4 are actually used, since they 
define the variable capacity of the module. 

The other bits from 5 to 10 define characteristics of 
55 the modules, such as the access time, the presence or 
otherwise of memory cells dedicated to check bits and 
their function (parity bit or EDAC code). 

As these may be regarded as application-invariant 
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characteristics, the bits PD(5-10) can be used, as will be 
seen later, for other purposes. 

In addition to these channels, four wires are present 
for the connection of a terminal, respectively of the slots 
13, 14, 15, 16, which is connected to an unused termi- 5 
nal of a DIMM module installed in the slot, to the mem- 
ory control unit 5 (or more generally to the system) for 
sending the latter signals RISPRES A,B,C,D, indicative 
of the presence in the various slots of an expansion 
support or Memory Riser in substitution for a DIMM io 
module. 

The electrical connections between memory con- 
trol unit 5 and slots 13, 14, 15, 16 are completed by a 
channel 35 with N wires for transferring, from the com- 
mand sequencer 12 to terminals of ail the slots which is 
are connected to unused terminals of the DIMM mod- 
ules installed in the slots, column address latch com- 
mands ALE(0...5). 

These commands, as we shall see, are used by the 
memory expansion supports if present. 20 

Finally, in the conventional manner, a databus 36 
with 72 wires connects the terminals of all the connec- 
tors, intended to be connected to data terminals of the 
DIMM modules installed therein, to the outputs of the 
I REG2 register 8 1 and the inputs of the OREG1 register 25 
9. 

It is therefore evident that with this architecture it is 
possible to install up to four DIMM modules of like or 
unlike capacity directly into the slots, producing a mem- 
ory with capacity expandable from 8 Mbytes to 512 30 
Mbytes (with few exceptions in increments of just 8 
Mbytes) as a function of the capacity of the modules 
installed. 

The various modules installed cannot operate in 
interleaved mode since the control unit is not provided 35 
with the necessary "buffers" for supporting the inter- 
leaved mode of operation. 

In return the number of logic components required 
to make the memory control unit is reduced to the mini- 
mum, offering the possibility of converting the memory 40 
structure, at a modest added cost into a bank structure 
able to operate in interleaved mode, with a variable level 
of interleaving dependent on the number of banks 
installed and with capacity which can be expanded well 
beyond the limit first indicated. as 

For this purpose, expansion supports, the structure 
of which is represented in Figure 4, can be installed in 
the slots 13, 14, 15, 16 of Fig. 3, in substitution for the 
DIMM modules. 

With reference to Figure 4 an expansion support, or so 
Memory Riser, collectively identified by the numeral 62, 
consists of a printed circuit daughterboard 37 with an 
edge connector 38 for insertion into a connection slot 
such as 13. 14, 15, 16 of Fig. 3. 

Mounted on the printed circuit daughterboard is a ss 
plurality of N connection slots {in the preferred embodi- 
ment N=6) 39, 40. 41, 42, 43, 44, for plugging in as 
many DIMM modules, an equal number of latch regis- 



ters 45, 46, 47, 48, 49, 50 and a plurality of drive ele- 
ments 51 (available as a single integrated circuit). 

All the necessary connections are made on the 
printed circuit board 37, of the multilayer type. 

The row and column addresses received through 
the edge connector are applied as input to the drivers 
51 and transferred therefrom as input to ail the latch 
registers 45...50. 

The registers 45...50 are controlled respectively by 
the signals ALE 0, 1, 2, 3, 4, 5, when assigned, received 
through the edge connector. 

The outputs of the registers 45...50 are connected 
respectively to the terminals of the slots 39,...44 which 
are connected to the address terminals of DIMM mod- 
ules plugged into the slots. 

The signals RAS.XX, CAS.XX, the first index 
X(X=A,B,C,D) identifying the expansion support repre- 
sented in the figure (one of four supports which can be 
inserted into the slots 13, 14, 15, 16 of Fig. 3) and the 
second index 0,1, ...5 indicating one of the slots 39,...45 
and a corresponding DIMM module installed therein, 
are selectively distributed from the edge connector to 
the terminals of the various slots 39,. ..44 intended to be 
connected to the terminals of the DIMM modules 
installed therein, provided for receiving the signals RAS, 
CAS. 

The homologous terminals 63 of the various slots, 
which are connected to the terminals of DIMM modules 
installed therein, on which are present the module 
capacity identification signals PD(1-4) (asserted when 
at electrical level 0) are connected together so as to 
present on the edge connector a code PD(1-4) which is 
the logical OR of the various codes representative of the 
capacity of the modules installed in the various slots. 

A homologous terminal 64 of the various slots, 
which is connected to a terminal of a DIMM module 
installed therein, securely at logic level 1 (for example a 
terminal such as PD8 on which is present a module 
identification signal PD at logic 1 in order to define that 
an EDAC code is associated with the data stored) is 
connected respectively to a distinct terminal 640, 641, 
642, 643, 644, 645 of the edge connector 38 in order to 
transfer a signal PD5, PD6, PD7, PD8, PD9, PD10 
respectively indicative, when assigned, of the presence 
of a module in the slot. 

Finally a terminal 65 of the edge connector 38, 
homologous to an unused module terminal, is con- 
nected permanently to earth so as to send an assigned 
signal RISPRESX (X=A,B,C,D) to the memory control 
unit when the expansion support is installed in one of 
the slots 13, 14, 15, 16 of Fig. 3. 

Considering jointly Figures 3 and 4 it is therefore 
evident that by installing one or more expansion sup- 
ports such as that of Fig. 4 into the slots 13, 14, 15, 16, 
and by installing one or more DIMM modules into the 
slots of the various expansion supports, it is possible to 
expand the memory capacity at will, up to a maximum of 
3 Gbytes, employing the maximum installable number of 
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expansion supports (4) and DIMM modules (24) each 
with the maximum envisaged capacity of 128 Mbytes. 

Moreover, as the expansion supports are provided, 
fa each module installable therein, with a column 
address storage latch register, the memory modules 
installed on the expansion support can operate as inter- 
leaved memory blocks. 

The maximum number of blocks which can be 
obtained, in the example described with the installation 
of merely a single expansion support, is equal to six and 
makes it possible to obtain interleaving levels equal to 
two or four. . 

The capacity of the blocks is determined by the 
capacity of the DIMM modules installed in the expan-. 
sion support, which capacity may differ from module to 
module. 

Employing additional expansion supports over and 
above a f irst, up to a maximum of four, makes it possible 
to further expand the capacity of the blocks which are 
thereby dispersed over various supports. 

In the embodiment, described the DIMM modules 
installed on different expansion supports cannot be con- 
figured as distinct blocks since, as should be noted, the 
signals ALE(0-5) and WE(O-S), generated by the com- 
mand sequencer, are distributed indiscriminately to all 
the supports. 

Unlike the signals RAS, CAS which are dispersed 
selectively and individually in a one-to-one manner to 
the various modules, the signals ALE and WE are dis- 
tributed selectively in a one-to-one manner to the vari- 
ous blocks and, within the compass of each of the 
blocks, to all the modules which make up the block and 
which may be dispersed over several supports. 

It is conceptually possible,_grven_that each expanr 
sion support is provided with latch registers, one for 
each DIMM module installable in the support, to pro- 
duce a memory configuration with interleaved blocks in 
which each module constitutes a block. 

This would however require the selective transfer to 
the various supports of, in addition to the signals RAS, 
CAS, also the signals ALE(O-S) and WE(0-5), employing 
a number of slot terminals, which are not available since 
they are used for other purposes. 

This limitation is less constraining if the expansion 
supports are envisaged as receiving less than 6 DIMM 
modules, for example 4. 

In this case, 8 terminals (2 ALE terminals, 2 RAS 
terminals, 2 CAS terminals and 2 PD terminals) are 
made available for the selective transfer of the signals 
ALE and WE to pairs of expansion supports, and it is 
possible to configure the memory as consisting of 8 
interleaved banks, as against the six previously. 

The maximum installable memory capacity is how- 
ever reduced from 3 Gbytes to 2 Gbytes. 

Evidently the memory configuration, with inter- 
leaved blocks, if only through the presence of an expan- 
sion support, excludes the use of DIMM modules 
installed directly in the slots of the motherboard or sys- 



tem planar. 

This is because the need to maintain the column 
address on the address channel 17 (Fig. 3) in support of 
an operation of access to these modules, precludes the 
5 possibility of addressing another module in the same 
time interval. 

Figure 5 represents by way of example a time chart 
of the operation of a pair of interleaved blocks of the 
memory described, when configured in blocks. 

w For simplicity, the case of read operations alone is 
considered so as to avoid a discussion of the problem of 
possible interference in access to the data channel 
which is common for the input and output data. 

This problem is resolved in a known manner by the 

is memory control unit which also operates as arbiter of 
access to the data channel, deferring a write operation 
if the occupation of the data channel 36 (Fig. 3) by data 
read is envisaged in the same time interval. 

The charts RASO. CASO, ALEO. ADDRO. DATO, 

20 represent the signals of the same name, referred to a 
generic block of index 0, the charts RAS1 , CAS1 . ALE1 , 
ADDR1 , DAT1 , represent the signals of the same name 
referred to a second block of index 1 . 

With reference to the periodic clock signal CLK, it 

25 will be noted that the transitions of the signals RASO. 
CASO take place at the same time instants considered 
in Fig. 2. 

Should however the delay of one clock period not 
be sufficient to recover the propagation times of the 

30 address signals in the drive circuits 51 and in the latch 
register (one of the registers 45, 50 of Fig. 4), the asser- 
tion and deassertion of the signals RAS and CAS can 
be deferred by a whole period of the clock signal (or by 
a fraction.thereof). - — --- 

35 The deferment can be set automatically as a conse- 
quence of recognizing the expansion support present, 
consequent on the signal RISPRES asserted. 

The only difference in behaviour relative to the time 
chart of Fig. 2 is the presence of the signal ALE, which 

40 is asserted from the instant t3 to the instant t7, so that 
the column address, present on the address channel 1 7 
at the instant t3, is frozen in the latch register up to the 
instant t7 and can be removed from the address chan- 
nel 17 starting from the instant t4 or even t3. 

45 Therefore, from the instant t4 another row address 
(chart ADDR1) relating to another memory block with 
index 1 can be placed on the address channel, and the 
signal RAS1 can be asserted at the instant t5. 

A second memory read operation is then activated, 

so . executed in a block 1 different from the previous one, 
with the same relative timings as the first 

In the time interval t8-t12 the data Hem read in Nock 
0 is present on the data channel and in the time interval 
t12-tl6 the data item read in block 1 is present on the 

55 data channel. 

It is clear that starting from the instant t8 a third 
read operation with another block can be activated, 
without interference with the previous ones, so that up 
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to three memory blocks can be active simultaneously in 
the course of a memory read cycle. 

Figure 6 represents a variant embodiment of an 
expansion support which makes it possible to increase 
the memory throughput, allowing time overlap operation 
of four memory blocks. 

Moreover, it offers the advantage of reducing the 
number of loads connected to the data channel so that 
the signal transitions are more abrupt and the signal lev- 
els can be more clearly discriminated even in a 
restricted time interval . 

Figure 6 is restricted to those aspects alone which 
differentiate the expansion support from that already 
presented and discussed with reference to Figure 4. 

In Figure 6, a trio of tridirectional transmit- 
ter/receiver circuits (tridirectional transceivers) 52, 53, 
54, and six control flip-flops 55, 56, 57, 58. 59, 60 are 
mounted on the printed circuit board 37 of the expan- 
sion support, in addition to the components and slots 
already seen. 

The tridirectional transceiver 52 has two input/out- 
put ports connected respectively to the data input/out- 
put terminals of the slots 39, 40 and a third input/output 
port connected to the data channel l/ODAT of the 
expansion support. 

Likewise, the tridirectional drivers 53, 54 have two. 
input/output ports connected respectively to the data 
input/output terminals of the slots 41, 42, 43, 44 and a 
third port connected to the data channel l/ODAT of the 
expansion support. 

Trie expansion support receives through the edge 
connector a signal OE which, rather than being perma- 
nently assigned, is assigned only for a restricted time 
interval, for example the third clock period following the 
deassertion of the signal RAS, in the course of each 
memory read cycle which is activated. 

The flip-flops 55... .60 are all set (or confirmed to be 
set H already so) by the signal OE and each of them is 
reset by the transition to logic level 0 respectively of the 
signals RAS 0, 1, 2, 3, 4, 5 received by the expansion 
support. 

Hence, a signal, respectively OE 0, 1, 2, 3, 4, 5 
asserted in the course of the two clock periods immedi- 
ately following the deassertion of the signals RAS 0, 1, 
2, 3, 4, 5 respectively, is available at the output Q of the 
flip-flops. 

The signals OE 0, 1, 2, 3, 4, 5 can be used to con- 
trol the selective enabling of the tridirectional drivers 52, 
53, 54 for transfer of the data read to the I/O DAT chan- 
nel. 

The selective enabling of the tridirectional trans- 
ceivers to transfer data from the I/O DAT channel to the 
various slots can be controlled by the signals WE 0, 1, 
2, 3, 4, 5 when asserted. 

It is the task of the memory control unit to restrict 
occupation of the data channel I/O DAT, with input data, 
for the period strictly necessary for them to be intro- 
duced into the write-instructed DIMM module. 



In this way, bearing in mind that as already stated a 
column address on the address channel can be 
removed straight after the assertion of the signal ALE 
and substituted by a new row address, it becomes pos- 
5 sible to instruct the simultaneous operation with partial 
time overlap of four memory blocks. 

It also has the advantage of halving the number of 
loads connected to the data channel I/O DAT and of 
sharply separating the various periods in which the 
70 modules are enabled to place data on the channel I/O 
DAT, avoiding any transient interference. 

All of this is achieved without the need for additional 
control signals on the edge connector of the expansion 
support. 

75 it is clear that the tridirectional transceivers 52, 53, 
54 can each be substituted by a pair of bidirectional 
drivers (whereby only the advantage of reducing the 
number of loads connected to the channel I/O DAT is 
lost) or even by an output multiplexer, with three-state 

20 output and six input groups, and by an input demulti- 
plexer, suitably controlled by selection codes extracted 
from the signals already seen, without the need for addi- 
tional signals, and hence compatibly with the use of 
standard connectors with 128 terminals, for inserting 

25 DIMM modules. 

For completeness of description one last aspect 
should be considered. 

It has already been stated that the DIMM modules 
output a 10-bit identification code PD(1-10) (for simplic- 

30 ity two identification bits I DO and ID1 are incorporated 
into the code PD) and that by means of this information 
(read through a dedicated bus known as an l 2 CBUS) 
the configuration logic is able to define the configuration 
to be allotted to memory. 

35 This is true in the case of DIMM modules installed 
directly in the slots 13, 14, 15, 16 (Fig. 3) of the mother- 
board. 

When, on the other hand, the DIMM modules are 
installed on an expansion support, other information is 
40 transferred to the memory control unit, in particular (Fig. 

4 ) : 

- a code PDX(1-4) which is the OR of codes PD 
which identify the capacity of each of the memory 
45 modules installed on the expansion support, and 
a plurality of signals PD 5....10 each of which iden- 
tifies the presence or otherwise of a memory mod- 
ule in one of the six slots of the expansion support. 

so In this case, identif ication of the capacity of the indi- 
vidual memory modules is achieved by iterative write 
and read procedures which are known per se and 
described for example in European patent EP-01 08346. 
The availability of the information mentioned above 

55 makes it possible to simplify these operations so that 
memory configuration can take place in very short time 
scales (a few tens of microseconds) with a reduced 
number of targeted write and read operations. 
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It is evident, however, that the data processing sys- 
tem must be able preliminarily to recognize whether the 
configuration operation has to be executed using one or 
the other of the two criteria and the meaning of the sig- 
nals PD81-10). 

This information is supplied by the signal RISPRES. 

The above description refers to a preferred embod- 
iment and to some of its variants. 

It is however evident that many other variants may 
be introduced. 

For example, the signals indicating the presence of 
the expansion supports can be supplied by connection 
jumpers at a suitable logic level, arranged on the moth- 
erboard, thereby making a certain number of connector 
terminals available for other purposes, in particular for 
increasing the maximum level of interleaving. 

Similarly, the signals indicating the presence of 
modules in the slots of the support are not strictly indis- 
pensable and serve merely to speed up the configuration 
procedure. The relevant transfer terminals can there- 
fore, also, be used for other purposes. 

Claims 

1. Dynamic random access memory (DRAM) with 
expandable capacity, configurable through non- 
interieaved memory modules or through inter- 
leaved memory blocks, said blocks comprising at 
least one memory module, comprising: 

- a motherboard (60) 

a memory control unit (5) mounted on said 
motherboard (60) in order to configure said 
memory and to generateras a function of said 
memory configuration, of a memory address 
and of a read/write command received via a 
system bus (6), a row address (RADDR) and a 
column address (COLADDR) placed at suc- 
cessive time intervals on an address output 
channel (17), a pair of a plurality of distinct 
timed signals (RAS.XY, CAS.XY; X=A,B,C,D,; 
Y=0,1...5) validating row and column 
addresses respectively, selectively directed to 
one and only one of said modules, one of a plu- 
rality of distinct timed write commands 
WE(0...5) and one of a plurality of distinct latch 
commands ALE(0...5) for said column address, 
selectively directed to one and only one of the 
said memory blocks, 

- a first plurality of connection slots (13. 14, 15, 
16) mounted on said motherboard and inter- 
connected with said memory control unit (5) in 
order to receive, from said memory control unit, 
said row and column addresses, said write 
commands WE(0...5), said latch commands 
ALE(0...5) and said plurality of timed signals for 
validating row and column addresses and, 
inserted in said slots 



- one or more memory components of the same 
type, chosen from the following two types: 
memory modules (1. 2, 3, 4) of commercial 
DIMM type 

5 - supports (62) for memory modules of commer- 
cial DIMM type comprising a printed circuit 
board (37) with edge connector (38) for inser- 
tion into a slot (13, 14, 15. 16) of said f irst plu- 
rality, a second plurality of connection slots 
w (39...44) for memory modules of DIMM type, at 

least one memory module of DIMM type 
plugged into a slot of the said second plurality 
and a plurality of latch registers (45...50) each 
associated with a slot of said second plurality. 
75 each controlled by one of said latch commands 

ALE(0...5) for latching said column address 
received through said edge connector (38) and 
for presenting it to address terminals of the 
associated slot 

20 

2. Memory according to Claim 1 in which said sup- 
ports (62) for memory modules comprise a plurality 
of drivers (51) with inputs connected to the termi- 
nals of said supporting edge connector (38) which 

25 receive said row and column address and outputs 
connected to inputs of said latch registers (45...50). 

3. Memory according to Claim 1 or 2 in which said 
supports (62) for memory modules comprise a plu- 

30 rattty of multidirectional transceiver groups (52, 53. 
54) each group being connected to data input/out- 
put terminals of at least one of the second plurality 
of slots (39. 44) and to data input/output terminals 
of said edge connector.-each group being selec- 
35 tively transfer-enabled by a control logic (55, 60) of 
said supports in response to signals (OE, 
RAS(0..;5). WE(0...5) received through said edge 
connector. 

40 4. Memory according to Claims 1 , 2 or 3 in which said 
supports comprise: 

- an edge connector (38) terminal (65) perma- 
nently connected to a logic level 1 source for 

45 transferring to said control unit (5) through a 

slot of said first plurality, a signal indicative of 
the presence of an expansion support, 

- a first plurality of homologous terminals (63) of 
said second plurality of slots (39, 40, 41. 42. 

so 43, 44), the homologous terminals of the said 

first plurality being connected together and to a 
terminal of said edge connector, in order to 
receive and transfer to said control unit a code 
PD(1 -4) which is the OR of a plurality of codes. 
55 each indicative of the capacity of a memory 

module installed in one of the slots of said sec- 
ond plurality, and 

- a second plurality of terminals 640, 641, 642, 
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643, 644, 645 of said edge connector each for 
receiving and transferring to said control unit 
(5) a signal (PD5..PD10) indicative of the pres- 
ence of a memory module installed in a corre- 
sponding slot of said second plurality of slots. s 

5. Expansion support (62) for allowing the interleaved- 
block configuring of a configurable DRAM memory, 
provided with a first plurality of slots (13, 14, 15, 16) 
each for connection with a DIMM memory module 10 
housed therein, and controlled by a control unit (5) 
capable of recognizing the configurability of said 
memory as interleaved blocks, by recognizing at 
least one expansion support present in one of the 
slots of said first plurality and of generating row and 75 
column address validation signals (RAS.X.Y,; 
CAS.X,Y) directed one-to-one to modules of said 
memory and column address (ALE((L.5) and write 
(WE(0...5) latch commands directed one-to-one to 
blocks of the said memory, characterized in that it 20 
comprises: 

a printed circuit board (37) with edge connector 
(38) for insertion into a slot (13, 14, 15. 16) of 
said first plurality 2s 
a second plurality of connection slots (39,..44) 
for memory modules of DIMM type, and a plu- 
rality of latch registers (45...50) each associ- 
ated with a slot of said second plurality, each 
controlled by one of said latch commands 30 
(ALE(0...5) received from said control unit (5) 
for latching a column address, received from 
said control unit (5) through said edge connec- 
tor (38) and for presenting it to address termi- 
nals of the associated slot 35 

said edge connector (38) having a termi- 
nal (65) connected to a signal source of prede- 
termined logic level, for signalling the presence 
of said expansion support to said control unit 
(59). 40 

6. Expansion support according to Claim 5, compris- 
ing a plurality of drivers (51) with inputs connected 
to terminals of said edge connector (38) which 
receive a row address and said column address, 45 
and outputs connected to inputs of said latch regis- 
ters (45...50). 

7. Expansion support according to Claim 5 or 6 com- 
prising a plurality of groups of three-state muftidi- so 
rectional drivers (52, 53. 54) each group being 
connected to data input/output terminals of at least 
one of said second plurality of slots (39... 44) and to 
input/output terminals of said edge connector, each 
group being selectively transfer-enabled by a con- ss 
trol logic (55... 60) of said support in response to 
signals (OE,RAS(0...5). ' WE(0...5)) received 
through said edge connector. 



8. Expansion support according to Claim 5, 6 or 7, in 
which said second plurality of slots (39...44) com- 
prises a first plurality of homologous terminals (63) 
connected together through homologues and to 
edge connector terminals in order to receive and 
transfer to said control unit a code PD(1...4) which 
is the OR of a plurality of codes, each indicative of 
the capacity of a memory module installed in one of 
the slots of said second plurality and a second plu- 
rality of terminals, one for each slot, connected to 
terminals of said edge connector, in order each to 
transfer to said control unit (59) a signal 
(PD5...PD10) indicative of the presence of a mem- 
ory module installed in a corresponding slot of said 
second plurality of slots. 
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